Aim: To systematically review research outlining the effects of price and taxation on alcohol consumption, alcohol-related harms, and drinking initiation in low-and middle-income countries (LMIC).
Historically, taxation has been one of the most costeffective measures used to control alcohol consumption and the resulting related harms (Anderson, Chisholm, & Fhur, 2009; Babor et al., 2010; Chisholm, Rehm, van Ommeren, & Monteiro, 2004) . Three systematic reviews of studies of the effects of price and/or taxation on the consumption of alcohol found that alcohol price elasticities are negative values, meaning that alcohol price negatively affects alcohol consumption and alcohol-related harms (Elder et al., 2010; Wagenaar, Salois, & Komro, 2009; Wagenaar, Tobler, & Komro, 2010) . Elasticity measures the degree of change in one variable that is caused by one unit of change in another. For example, a price elasticity of demand of -0.5 means that a 0.5% reduction in alcohol consumption follows a 1.0% increase in alcohol price; similarly, a tax elasticity of fatal traffic accidents of -0.8 means 1.0% increase in alcohol tax results in a 0.8% reduction in the number of fatal traffic accidents. Wagenaar and colleagues (2009) demonstrated that the mean of price elasticity of demand is -0.46 for beer, -0.69 for wine, and -0.80 for spirits. Elder and colleagues (2010) observed that the median price elasticity is -0.50 for beer, -0.64 for wine, -0.79 for spirits, and -0.77 for ethanol.
In addition, Wagenaar and colleagues (2010) observed that the price elasticity of harms was -0.347 for alcohol-related disease and injury outcomes, -0.112 for traffic crash outcomes, -0.055 for sexually transmitted diseases, -0.048 for suicide, -0.022 for violence, -0.022 for other drug use, and -0.014 for crime and other misbehavior.
Given this evidence, it is not surprising that alcohol taxation has consistently been recommended as a public policy option to control alcohol-related harms (Babor et al., 2010; World Health Organization, 2010 , 2011a . At the First Global Ministerial Conference on Healthy Lifestyles and Non-Communicable Disease Control, held in April 2011, the World Health Organization (WHO) recommended alcohol taxation as one of the three "best buy" policies for controlling the harmful use of alcohol (WHO, 2011a) ; however, most of the literature upon which these conclusions are based is from high-income countries (HIC).
There are marked between-country differences in alcohol consumption and alcohol-attributable harms, and these differences are related to the economic wealth of nations (Rehm, Mathers et al., 2009; Room, Babor, & Rehm, 2005; Schmidt, Mäkelä, Rehm, & Room, 2010) . The association between wealth-as measured in gross domestic productpurchasing power parity (GDP-PPP) and alcohol consumption is very strong up to a GDP-PPP of $10,000 to $15,000, above which this association levels off (Room et al., 2005; Schmidt et al., 2010) . This correlation is due mainly to a much higher proportion of abstainers in middle-and especially low-income countries (LIC) (WHO, 2011b) . As a result, the lowest-income countries tend to consume the least alcohol on an adult per capita basis (Room et al., 2005) . In middle-income countries (MIC) adult per capita consumption is higher than in LIC; however, consumption is still much lower than in high-income countries (HIC). Not only do the prevalence of current drinkers and the adult per capita consumption vary with economic wealth, but also the proportion of alcohol consumed by men vs. women: ceteris paribus (other things being equal), the lower the GDP-PPP, the higher the relative proportion of alcohol consumption by men (Room et al., 2005) . Thus, due to differences in affordability and the characteristics of those individuals who consume alcohol, there may be different elasticities for alcohol consumption, alcoholrelated harms, and drinking initiation in low-and middleincome countries (LMIC) compared to HIC.
While less alcohol is consumed in LMIC, the relative harm associated with each liter consumed per capita is much greater (Rehm, Anderson et al., 2009) due to more harmful consumption patterns , and there is a higher risk of mortality and morbidity in LMIC from causes in which alcohol plays a role (such as injuries) (Smith & Barss, 1991) . In addition, alcohol interacts with other risk factors such as poverty, crowding, and malnutrition (Schmidt, Mäkelä, Rehm, & Room, 2010) . Thus, LMIC-specific research is needed to formulate the best public policies to decrease the harms related to alcohol consumption.
Because the overwhelming majority of people who drink live in HIC (Rehm et al., 2003; WHO, 2011b) , the goal of preventing people from drinking at all is rarely formulated and, thus, there is a surprising lack of research on drinking initiation; most of the focus seems to be on determining age of initiation and assessing potential consequences of different ages of initiation (Donovan, 2004; Faden, 2006; Guttmannova et al., 2011; Mares et al., 2011; Pitkanen, Lyyra, & Pulkkinen, 2005) . There is a resulting need to examine how price and taxation affects drinking initiation in LMIC.
To address the needs noted above, we performed a systematic review of studies which examined the association between alcohol price/taxation with alcohol consumption, alcohol-related harms, and drinking initiation in LMIC. Additionally, to establish a quantitative estimate of the effects of price and taxation on alcohol consumption in LMIC, we performed a meta-analysis using estimates obtained from our systematic review.
Method
The systematic review was conducted and reported according to the standards set out in Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) (www.prisma-statement.org/) (Moher, Liberati, Tetzlaff, Altman, & The PRISMA Group, 2009 ).
Search strategy and study selection
Three public health databases-MEDLINE, EMBASE, and PsycINFO-as well as the economics database EconLit were queried up to June 2011 for articles that tested the association between alcohol taxation/price and alcohol consumption, alcohol-related harms, and drinking initiation. Where "*" is the truncation indicator to include all forms of the root word, search terms for alcohol were "alcohol," "beer*," "wine*," and "spirit*." For LMIC the search terms were "low income country," "middle income country," and "developing country." For the intervention we used the search terms "'taxation," "tax*," and "price*." No limitations were put on comparison groups, outcomes, and study design for articles included in this review and, thus, no search terms were included for these variables in our systematic review. Articles were restricted to those published in English or Thai up to June 2011.
Other sources examined were WHO's Database of Abstracts of Reviews of Effects (DARE), which catalogues grey literature; all studies included in the systematic reviews of the effects of price on alcohol consumption (namely Wagenaar et al., 2009 , and Elder et al., 2010 ; the reference lists from all of the above literature, as well as from Babor et al., 2010.
------IJADR 2(1) ------For peer-reviewed articles, retention was based on the following inclusion scheme: (1) any article returned in the systematic search was retained for abstract screening; (2) if the abstract contained any information about alcohol taxation in LMIC, the paper was retained for full article analysis; (3) if the article examined the association between alcohol price and/or taxation with either alcohol consumption, alcohol-related harms, or drinking initiation, it was retained for quality criteria analysis.
Quality criteria
The minimum quality criteria for inclusion were as follows:
(1) a longitudinal study had to have enough time points to provide a meaningful result; and (2) the results were not confounded by any other large changes in alcohol control policies that were not taken into account.
Data collection
Data extracted for each study included the sample population, intervention (price or tax), other independent variables (including socio-economic and demographic characteristics), comparison groups, outcomes (including elasticity of alcohol consumption, elasticity of related harms, and rate of drinking initiation), country of study, and own price or tax elasticity of demand and of related harms. Own price or tax elasticity is the percentage change in consumption for an alcoholic beverage that results from a 1% change in the price or tax. The potential sources of bias for studies that quantify price elasticity were assessed, and included selection bias, measurement bias, and problems with statistical analysis. To ensure consistency, data collection was performed using a data extraction form, created by the authors, consisting of the above-mentioned study variables and potential sources of bias assessment.
Statistical analysis
Our meta-analysis analyzed the reported price elasticities by means of DerSimonian and Laird's (1986) random effects. For studies that provided a probability value less than an α threshold, a conservative threshold of 0.001 was taken as the p-value. The overall point estimates and the 95% confidence intervals (CIs) were based on weighted pooled measures. Heterogeneity between studies was assessed using the Cochran Q test and the I2 statistic. Publication bias was tested by the visual inspection of funnel plots for a skewed distribution, and by using a ranked correlation test proposed by Begg and Mazumdar (1994) and a weighted regression test proposed by Egger, Smith, Schneider, and Minder (1997) . To adjust estimates for publication bias, the trim and fill method was used (Duval & Tweedie, 2000) . All data analysis was performed using Stata version 11.0 (Stata Corporation, 2009).
Results

Study selection and study characteristics
The results of the literature search are outlined in Figure 1 . Search results of the databases MEDLINE, EMBASE, PsycINFO, and EconLit yielded 29 articles, which were reduced to 26 after elimination of duplicate articles. Titles and abstracts were reviewed for these 26 articles, and 4 papers were retained for full paper reviews. After the full paper reviews, no articles met the eligibility criteria of containing quantitative data relating to the price and/or taxation of alcohol and resulting effects on alcohol consumption, alcohol-related harms, and drinking initiation.
From a search of previous systematic reviews, the WHO grey literature database DARE, and reference tracking, 22 articles were identified, which were reduced to 21 after the elimination of one duplicate article. Titles and abstracts of the remaining 21 articles were reviewed and all were retained for full paper reviews. After assessing the 21 articles, seven reviews were excluded for not meeting eligibility criteria and two articles due to lack of relevant information. The remaining 12 articles contained relevant information on alcohol price and/or taxation and resulting effects on alcohol consumption in LMIC and, thus, were included in the information synthesis (Andrienko & Nemstov, 2005; Fan, Wailes, & Cramer, 1995; John, 2005; Musgrave & Stern, 1988; Okello, 2001; Orsor, Mwinyimvua, & Mpango, 2001; Ozguyen, 2004; Pan, Fang, & Malaga, 2006; Partanen, 1991; Poapongsakorn et al., 2007; Selvanathan & Selvanathan, 2005; Yu & Abler, 2010) . Table 1 shows that all 12 articles contained information on the effects of alcohol price and/or taxation on alcohol consumption, while not one study contained information on the effects of alcohol price and/or taxation on alcoholrelated harms or drinking initiation. Eleven of the studies analyzed only alcohol price as the intervention of interest, while one of the studies analyzed the effects on alcohol consumption of both alcohol price and taxation. Of the 12 studies, one had a cross-sectional design, three were quasiexperimental using a series of cross-sectional surveys, and eight were quasi-experimental using time series data. One study contained data on 19 developing countries, while 11 studies focused on a single country. Overall the studies yielded 23 estimates for the effects of alcohol price and/or taxation on total alcohol consumption, nine estimates of the effects on the consumption of beer, and 11 estimates of the effects on the consumption of other alcoholic beverages (including spirits and wine). Several estimates did not include a p-value, t-value or any other statistic whereby a standard error could be calculated and, thus, were excluded from our meta-analysis. They comprised one estimate of the effects of alcohol price and/or taxation on total alcohol consumption, two estimates of the effects on the consumption of beer, and four estimates of the effects on the consumption of other alcoholic beverages. In addition, no mention of the significance of these elasticities was made in Pan et al. (2006) and Fan et al. (1995) , so these ------IJADR 2(1) ------
Figure 1
Search strategy for studies that assessed the relationship between alcohol price and / or taxation with alcohol consumption, alcohol-related harms and drinking initiation two papers were excluded from the quantitative analysis. In total, 10 studies covering 36 price elasticity estimates-22 for total alcohol consumption, seven for beer and seven for other alcoholic beverages-were included in the quantitative analysis (Figure 1 ).
Risk of bias within studies
All 12 studies have potential selection bias. An evaluation of this bias is outlined in Table 2 . Eight studies that used time series data may have selection bias due to their not taking into consideration unrecorded alcohol consumption data and thus excluding low socio-economic status populations (International Agency for Research on Cancer, 2010), and four studies that used survey data did not include important minority or high-risk groups. All 12 studies also have potential measurement bias. Six of the time series studies used alcohol sales or production data as surrogates of consumption, which may have led to an overestimation of consumption, and one time series study
Elasticity of alcohol consumption, alcohol-related harms and drinking initiation 51 Musgrave & Stern, 1988 (from Wagenaar et al., 2009 and Babor et al., 2010 No unrecorded alcohol consumption data Alcohol sales data may overestimate consumption data Poapongsakorn et al., 2007 No unrecorded alcohol consumption data Alcohol sales data may overestimate consumption data
Quasi-experimental study with analysis using series of cross-sectional data Andrienko & Nemtsov, 2005 (from Babor et al., 2010 No sample of minority groups such as homeless people or immigrants who have higher possibility of heavy drinking Subject to recall bias Pan et al., 2006 This study is an urban household survey and does not include rural population Subject to recall bias Fan et al., 1995 This study is a rural household survey that does not include urban population
Subject to recall bias
Cross-sectional survey John, 2005 No sample of minority groups who have higher possibility of heavy drinking
Note. Problem(s) with statistical analysis for all papers were restricted to mainly economic and partly demographic variables. Other bias/problem -no comparison group (no counterfactual effect) for all papers except for John (2005) where there was a temporal bias and no comparison group (no counterfactual effect). Summaries of all papers were included in the result synthesis, with no unacceptable severe error.
used budget share of alcohol as a proportion of total food costs as a determination of consumption, which may have led to bias. A smaller budget share of alcohol consumption may not translate into a lower quantity of consumption if people instead consume less expensive alcoholic beverages. All 12 studies are limited by the narrow scope of variables analyzed-mainly economic and partly demographic variables. Although each study is susceptible to bias, these biases are hard to avoid in non-experimental research, and thus each study met the eligibility criteria and minimal standard. Hence, 12 and 10 studies were included in the qualitative and quantitative syntheses respectively, as explained above in the study selection section.
Meta-analysis
Random effects analysis indicated a significant negative elasticity for alcohol consumption. Tests demonstrated that two estimates, for total consumption of alcohol in Sri Lanka and the Philippines, had a positive elasticity estimate of alcohol consumption, and 11 had elasticity estimates that were non-significant.
Publication bias appeared to be present for the elasticities of all studies (Egger [p = 0.761] 
Discussion
Our systematic review found 12 original studies that investigated alcohol price/taxation elasticity in LMIC, but no articles that investigated the association between alcohol price/taxation and alcohol-related harms or drinking initiation.
The review found an inverse relationship between alcohol price and/or taxation and alcohol consumption, similar to what has been observed in HIC (Babor et al., 2010; Elder et al., 2010; Wagenaar et al., 2010; Wagenaar et al., 2009) , with similar estimates for price elasticity. Specifically, price elasticities in HIC are -0.46 for beer, -0.69 for wine, -0.80 for spirits and -0.77 for median price elasticity of ethanol (Elder et al., 2010; Wagenaar et al., 2009 ). For LMIC, we observed price elasticities of -0.50 for beer, -0.79 for other alcoholic beverages, -0.64 for total alcohol consumption and -0.66 for all studies. This finding is counter-intuitive, given that alcoholic beverages are less affordable in LMIC than in HIC (Babor et al., 2010) . For example, in Thailand, a middle-income country, a worker has to work six times longer (48 minutes) than does a Canadian worker (8 minutes) to accumulate sufficient funds to purchase a can of beer (calculated based on the lowest price of a can of beer and the minimum wage for both countries as of September 2011).
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Figure 3
Forest plot of the 7 estimates used in the meta-analysis and the weighted point estimates for the price elasticity for the consumption of beer Note. Weights are from random effects analysis
Figure 4
Forest plot of the 7 estimates used in the meta-analysis and the weighted point estimates for the price elasticity for the consumption of other alcoholic beverages
Note. Weights are from random effects analysis
The observation that there are similar price elasticities in HIC and LMIC may be confounded by unrecorded consumption, because the substitution of unrecorded alcohol consumption may occur in both LMIC and HIC when prices of recorded alcoholic beverages increase (Rehm, Chisholm, Room, & Lopez, 2006) . More research is needed to determine the relationship between the unrecorded and the recorded alcohol markets to characterize how taxation and/or price is associated with total alcohol consumption. Specifically there is a need to quantify the association between the taxation of alcohol, and informal production and smuggling. This may be especially important for LMIC, which often have a limited capacity to deter illegal production (Centre for Social and Health Outcomes Research and Evaluation, 2006) .
No study has examined the effect of alcohol price and/or taxation on drinking initiation in LMIC. Studies examining this issue are needed, because the effects of alcohol price and taxation may differ between HIC and LMIC due to differing prevalences of abstainers. Currently, specific taxation, based on alcohol content (% of alcohol by volume), is suggested in LMIC ); however, this type of taxation favours low alcohol content beverages, which works well in HIC, but may encourage drinking initiation among youth in LMIC (Sornpaisarn, Shield, & Rehm, 2012) . Thus, original research studies should be conducted to examine the effects of alcohol price and/or taxation on drinking initiation in LMIC.
There are a number of limitations of this systematic review. First, only a small number of studies examine the effects of alcohol price and/or taxation in LMIC, so if there are regional differences in LMIC we are unable to detect them based on the available data. Second, there may be studies in LMIC published in languages other than English or Thai that were consequently excluded from our review. Finally, the question of unrecorded consumption has not been addressed sufficiently and thus measurement error cannot be excluded (Lachenmeier, Taylor, & Rehm, 2011) .
Appendices
Appendix Figure 1 Forest plot of all estimates used in the meta-analysis and the weighted point estimates for the price elasticity of total alcohol consumption 
